Background: Treatment options for at-home management of cluster seizures (CS) and
4
Because of its different mechanism of action, its favorable pharmacokinetics, and favorable safety profile, levetiracetam (LEV) has been investigated as a candidate for early combined polytherapy in human medicine. In particular, 2 experimental studies on mice and human patients have provided evidence of synergy between LEV and diazepam. 5, 6 Levetiracetam use also has gradually increased in recent years in veterinary medicine as long-term monotherapy or pulse treatment given IV or PO in CS patients. 7, 8 The latter treatment strategy has been proposed to avoid the induction of LEV tolerance as reported in both mice and dogs. 9, 10 The PO route can be easily employed by owners at home. However, the postictal phase in epileptic patients can impair swallowing ability, preventing use of the PO route because of aspiration risk, thus delaying the initiation of treatment. For this reason, we evaluated another route of administration of LEV in epileptic patients.
The pharmacokinetics of LEV after rectal administration in both healthy and epileptic dogs recently has been investigated. These studies indicated that administration of 40 mg/kg per rectum achieved the minimum target concentration of 5 μg/mL 10 and 30 minutes after the administration in healthy and affected dogs, respectively.
11,12
Our aim was to investigate the clinical efficacy of rectally administered LEV in preventing additional seizures when administered to dogs presented for CS and SE. We hypothesized that administration of LEV rectally in addition to a standard treatment protocol would provide better control of seizure activity as compared with the standard treatment protocol alone. Eight dogs included in the present study had been enrolled in a previous study evaluating the pharmacokinetics of LEV administered per rectum in dogs with CS and SE. 12 
| MATERIALS AND METHODS

| Study design
At the time of presentation to the VTH, a standard care protocol comprising rectal/IV diazepam (at a dosage of 1-2 mg/kg if the patient was seizuring at presentation) followed by IV phenobarbital (PB; 4-5 mg/kg q8h) was administered to each dog. After administration of these medications, the patients were selected to receive either a single dose of rectal LEV at a dosage of 40 mg/kg in association with PB q8h (rectal LEV group) or no other medications except for PB q8h (control group). No proper randomization of patients between the 2 study groups was performed because the dog owner, through written informed consent, made the final decision for assigning the dog to the rectal LEV group or control group.
The LEV suspension employed was created and administered as previously reported. 12 The dogs were monitored for additional seizures for the first 24 hours after admission and until discharge. Dogs that experienced no additional seizures in the first 24 hours were defined as responders, whereas those that showed additional seizure activity and therefore required other AEMs in the first 24 hours were classified as nonresponders.
| Statistical analysis
Statistical analysis was performed using commercially available software (R 3.5.2-R Core Team, 2018). Data were analyzed for normality using the Shapiro-Wilk test and were found to be nonparametric.
Numerical data (age and body weight) were tested using the Wilcoxon rank sum test; categorical data (sex, reason for presentation, and seizure etiology) were tested using the test for equality of proportions or
Chi-square test, where appropriate. A comparison between the number of responders versus nonresponders between the 2 groups was carried out using Fisher's 2-tailed exact test. In addition, a comparison between the number of responders versus nonresponders in relation to the etiology (idiopathic versus suspected or confirmed structural epilepsy) of seizure activity was performed using Fisher's 2-tailed exact test. Results were considered statistically significant at a significance level of P < .05. In total, 57 patients were included in the study: 21 dogs were assigned to the rectal LEV group and received 40 mg/kg of LEV per rectum in addition to the standard protocol, and 36 were assigned to the control group and received only the standard care protocol. A diagnosis of idiopathic epilepsy (Tier I or II confidence level using the IVETF consensus report) was present in 16 patients in the control group (44%) and in 12 patients in the rectal LEV group (57%).
| RESULTS
Sixty
A structural etiology was suspected or confirmed in 20 patients (56%)
in the control group and in 9 (43%) in the rectal LEV group. Table 1 presents details on the definitive diagnoses.
Given the small number of patients admitted with SE in both groups, statistical analysis was performed taking into consideration only patients affected by CS. Fisher's 2-tailed exact test showed a statistically significant difference (P < .001) between the 2 groups: the response rate was 94% (17/18) in the rectal LEV group and 48%
(15/31) in the control group.
Fisher's 2-tailed exact test showed no statistically significant differences between the response rate of patients affected by idiopathic and those with suspected or confirmed structural epilepsy (P = 1).
When the test was performed on each group separately, no statistically significant differences were found (rectal LEV group, P = .48;
control group, P = 1).
T A B L E 1 Information on patients included in the study for each study group. No statistically significant differences were found between the 2 study groups in age, sex, body weight, reason for presentation, and seizure etiology. The smallest P value obtain was .08 (sex) Our study provides preliminary evidence for the efficacy of rectally administered LEV when combined with a standard treatment protocol in preventing the onset of additional epileptic seizures in dogs with CS. Given the promising results of previous pharmacokinetics studies, 11, 12 we evaluated the potential beneficial effect of rectally administered LEV combined with other AEMs in controlling seizure activity in dogs with CS. Our results show that dogs with CS treated using rectally administered LEV in addition to a standard treatment protocol consisting of diazepam and PB experienced substantially better control of seizures as compared with a control group of patients treated with AEMs using the standard treatment protocol alone.
These results suggest that rectal administration could represent a viable alternative to PO administration of AEMs and therefore extend treatment options for the at-home management of these neurological emergencies before referral to a specialized veterinary clinic or hospital.
The lack of a placebo-controlled group of patients is the main limitation of our study. Of note, however, is that a reduction in placebo exposure recently has been advocated in human medicine. The sudden unexpected death in epilepsy (SUDEP) rate has been reported to be higher among placebo-treated participants of add-on treatment epilepsy trials in human medicine, suggesting that adding effective
AEMs instead of placebo in epilepsy trials can decrease the risk of death of epileptic patients. 15 Death during or immediately after seizure activity has been documented in epileptic dogs as well, suggesting that the concept of SUDEP also can be extended to veterinary patients. 16 The add-on administration of AEMs to a standard antiepileptic regimen therefore seems a valuable alternative to a placebo-controlled trial, even if the latter study design still represents the gold standard for treatment investigations.
In our study, allocation to the 2 groups was based on the dog owners' final decisions for their dogs to receive or not receive rectally administered LEV, and thus the lack of randomization is another study limitation. The decision to perform post hoc analysis only on the patients affected by CS was based on the few cases of SE enrolled in both study groups. However, the results obtained for this specific patient category were as promising as those obtained for both conditions, confirming the potentially beneficial effect of rectally administered LEV in addition to a standard treatment protocol.
Several patients were already being treated for long-term seizures with PB and potassium bromide. Unfortunately, information on serum concentrations of AEMs was not available or up-to-date for all patients included, and for this reason it was not taken into account in the final analysis of the study results. It is therefore impossible to evaluate the influence of these medications on patient outcome.
It has been hypothesized that dogs with structural epilepsy have a higher risk of death and presumably less control of seizure activity despite treatment with AEMs. [17] [18] [19] We found no statistically significant difference in response rate between dogs affected with idiopathic epilepsy (Tier I or II confidence level of the IVETF consensus report) and those with presumptive or confirmed structural epilepsy.
However, the final diagnosis of structural epilepsy could not be established in all patients and, for this reason, the conclusions must be considered with caution.
In conclusion, based on our study data, rectally administered LEV combined with a standard treatment protocol seems to provide good control of seizure activity in patients with CS. Because of the low number of cases of SE included in our study, this assumption cannot be extended to SE, and further investigations are warranted.
The validity of our results should be confirmed in a double-blinded placebo-controlled clinical trial.
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